aggregated mitochondrial morphology and increased mitochondrial membrane potential. drp1 mutant PFCs also showed increased Ras and phosphorylated ERK and loss of Notch mediated differentiation. In order to dissect out the distinct roles of metabolism and morphology, we carried out genetic and pharmacological disruption of mitochondrial bioenergetics. Both forms of disruption did not change the ERK accumulation or aggregated morphology but reverted the Notch signaling defect. Interestingly mitochondrial potential disruption initiated Notch signaling in wildtype ovarioles at an earlier stage confirming their interdependence. Elevated ERK in drp1 mutant PFCs on the other hand disrupted oocyte patterning and was responsible for increased mitochondrial membrane potential and loss of Notch mediated differentiation. Our study shows that the Ras ERK pathway regulates mitochondrial morphology thereby impacting energetics for appropriate activity in oocyte patterning and Notch mediated differentiation. Direct lineage reprogramming converts one somatic cell type into another while bypassing the pluripotent state. In order to directly reprogram fibroblasts into renal cells, we systematically tested large number of transcription factors that fulfil the following criteria: high expression in the renal tissue, evolutionary conserved expression during kidney development and loss of function phenotype. This enabled us to determine four transcription factors (Emx2, Hnf1b, Hnf4a and Pax8) that convert fibroblasts into induced Renal Epithelial Cells (iRECs). Reprogramming process is stable and direct, given that iRECs do not revert their phenotype, or express markers of transient progenitors. iRECs display strong upregulation of cadherins, transcriptional regulators of kidney development and renal transporters when compared to fibroblasts and cluster more closely to primary renal epithelial cells. Expression of epithelial proteins suggested that iRECs lost mesenchymal and acquired epithelial phenotype. Moreover, ion transporters expressed in renal tubules, as well as other renal markers were detected in the correct subcellular localizations as found in renal epithelial cells in vivo. iRECs also exhibited functional properties of renal epithelial cells, such as spheroid formation, albumin uptake and sensitivity to nephrotoxic drugs. In addition, they integrated in the tubules when co-cultured with primary embryonic kidney anlagen cells and repopulated decellularized kidney scaffolds. Heterogeneous expression of segment specific proteins of proximal tubules, loop of Henle and distal tubules suggested that iRECs represent multiple renal segments. However, segmental identity can be modulated by modifying the reprogramming cocktail, e.g. Hnf4a omission decreased the expression of proximal tubule genes.
Importantly, direct reprogramming into iRECs is also feasible with human fibroblasts as a starting cell type. These cells can represent a valuable tool for drug testing and disease modelling in the future. Cell polarization leads zygotes to acquire spatial asymmetry, which in turn patterns cellular and tissue axes during development. Local modification in cortical actomyosin cytoskeleton mediates spatial segregation of partitioning-defective (PAR) proteins at the cortex, but the mechanisms that transmit cytoskeleton mechanics to cortical PAR proteins remains elusive. Here we uncover a role of actomyosin contractility in remodeling of PAR proteins through cortical clustering. During embryonic polarization in Caenorhabditis elegans, actomyosin contractility and resultant cortical tension stimulate clustering of PAR-3 at the cortex. Clustering of atypical protein kinase C (aPKC) is stimulated by PAR-3 clusters and is antagonized by activation of CDC-42. Cortical clustering of PAR proteins is associated with retardation of diffusion and/or turnover at the cortex and with effective entrainment of advective cortical flows. Our findings illustrate how contractile cytoskeleton couples cortical clustering and long-range displacement of PAR proteins during embryonic polarization. The principles described here would apply to any pattern formation that relies on local modification of cortical actomyosin and PAR proteins. The nuclear envelope (NE) is a highly organized structure regulating both chromatin organization and interactions between the nucleus and cytoplasm. As cells undergo differentiation the NE can undergo dynamic changes in its composition and function.
During early mouse embryogenesis, nuclear morphology dynamically changes with the first being in the formation of the maternal and paternal pronuclei, followed by the breakdown of their nuclear membranes and fusion of the two pronuclei to form the diploid zygote nucleus.
Here we have characterized the changes in the NE composition from the oocyte to the blastocyst stage. We focused on the nuclear lamina, composed of the A-type and B-type Lamins, and proteins of the nuclear envelope especially the LINC complex. The LINC complex consists of the Sun-domain protein family residing in the inner nuclear membrane (INM), and the Kash-domain protein family residing in the outer nuclear membrane (ONM). The Sun domain proteins of the LINC complex interact with the nuclear lamina and nucleoplasm. In contrast, the KASH-domain proteins interact with the interphase cytoskeleton. This interaction enables the nucleus to move in conjunction with the cytoskeleton.
In addition to profiling the nuclear membranes and lamina during pre-implantation development, we investigated whether the LINC complex, in particular Kash5, is required for the fusion of the maternal and paternal pronuclei. A knockdown of the Kash5 Zebrafish homologue, futile cycle (fue), impairs pronuclear migration. Deleting Kash5 specifically in mouse oocytes, as well as expressing a dominant negative Kash-domain protein variant, allowed us to determine whether the LINC complex is required for pronuclear fusion following fertilization. However, our results suggest that a Kash-domain independent mechanism for the migration and the fusion of the pronuclei in mouse zygotes may exist. Genetic regulators and signaling molecules regulating vein identity, intersegmental vessels (ISV), and caudal vein plexus (CVP) patterning are not fully documented. We previously characterized the transcription factors Islet2 (Isl2) and Nr2f1b required for vascular development in zebrafish. In this study, we performed the microarray experiments to identify the potential downstream targets. Our microarray data showed highly overlapping downstream targets of nr2f1b and isl2, suggesting that nr2f1b and isl2 cooperatively regulate endothelial cell identity. We further verified the changed expression of several genes in vessels in isl2/nr2f1b morphants by in-situ hybridization. Those genes were expressed in vessels during early development, which suggested their functions in vascularture.
We selectively assayed the functional relevance of one potential target follistatin a (fsta). Fsta is a bone morphogenetic protein (BMP) antagonist and BMP signaling has been shown critical for venous angiogenesis. However, the function of fsta in vasculature has not been reported. Our in-situ hybridization results showed fsta mRNA is expressed in developing vessels, suggesting its roles in vascularization. By overexpressing fsta, we observed the defects in the growth of ISV and CVP, which mimic the phenotype of isl2/nr2f1b morphants. We further showed that vascular defects are due to the impairment of migration and proliferation. Consistent with the vascular defects in (fli:fsta) embryos, we observed the changed expression of vascular markers. On the other hand, the knockdown of fsta does not impair vascular defects but restore the defects in (fli:fsta) fish indicating the specificity of fsta function. In addition, knockdown of fsta can rescue vascular defects in isl2 and nr2f1b morphants, suggesting fsta functions in vascular development downstream of isl2/nr2f1b. Finally, we showed that Isl2/Nr2f1b regulate ISV growth and CVP formation medicated by Fsta-BMP signalings. Together, our study provided useful information on the genetic regulating network in vascular development. In the present, gene functional studies, cell lineage tracing and human diseases modeling usually involve generation of mutant or transgenic animals by adopting zinc-finger nuclease (ZFN), transcription activator-like effector nucleases (TALEN), Cas9 nucleases and transgenic overexpression approaches. For making zebrafish mutant and transgenic lines using these technologies, gene editing or transgenic materials are usually microinjected into embryos at the one-cell stage. Because the time-window from fertilization to the first mitosis is only about 40 min and each cell cycle takes about 15 min thereafter {Kimmel, 1995 #36}, gene editing or integration event would not occur until multi-cell stages, resulting in germline mosaicism, and thus germline transmission needs to be identified in F 1 generation by mating F 0 founder fish. The whole process takes more than three months and needs to raise dozens, even hundreds of fish, which is time-consuming and labor-intensive. In particularly, simultaneously labeling multiple cell lineages or knocking out multiple loci is extremely difficult and even impossible.
We develop the Oocyte Microinjection in situ (OMIS) technique, in which oocytes in ovaries of an alive female are directly injected. An L-shape cut is made on one side of the belly of a 6-month to oneyear old female. Reagents containing Rhodamine are injected into 30-50 oocytes at stages I to III. After the belly opening is sewed, the fish is returned to fish tank and mates to a male next day (for stag III oocytes) or 1-2 weeks later (for stage I or II oocytes). Approximately, 10-20% of laid eggs will be Rhodamine-positive (injected), but the rate can reach 50%, which depends on the quality of female. The embryos derived from injected eggs develop normally. By OMIS, RNA, antisense morpholino oligonucleotides, DNA, proteins, and other small molecules can be administered into immature oocytes. We obtain 93.05% of embryos with typical no tail phenotype by Cas9-mediated knockout of the ntla locus via OMIS, while only 59.11% of embryos show the phenotype for injection at one-cell stage after fertilization. Bialleles of ntla, tyr and gata5 loci are simultaneously edited to produce correct complex phenotypes in 94.12% of OMISderived embryos. In addition, with OMIS of multiple transgenes, 16.67% embryos can express all transgenes in almost all of the target cells, suggesting insertion events before fertilization. The OMISderived transgenic founder fish can transmit the transgene to 50% of F1 offspring. Therefore, OMIS is a fast and efficient approach for generating mutant or transgenic lines, and it may also be useful for oocytes of defects. ECM HF proteins reported distributing in pericellular ECM of epithelial cells in a number of tissues including adult skin, tongue, and so on. In eye, the HF protein also assembles on the surface of multiple epithelia including cornea, lens, and retina. Those data predicated some important functions of the proteins in the architecture of adhesive and flexible cell junctions between the cell-cell, and the cell-basement membrane. In early embryonic development, trophectodermal distribution of the protein indicates that it may play critical role prior to implantation. Our recent study approved this hypothesis by revealing the function of this protein in mitotic cytokinesis unexpectedly. Using homogeneous recombination,
